Cannabinoid CB1 inverse agonists suppress food-motivated behaviors, but may also induce psychiatric effects such as depression and anxiety. To evaluate behaviors potentially related to anxiety, the present experiments assessed the CB1 inverse agonist AM251 (2.0-8.0 mg/kg), the CB1 antagonist AM4113 (3.0-12.0 mg/kg), and the benzodiazepine inverse agonist FG-7142 (10.0-20.0 mg/kg), using the open field test and the elevated plus maze. Although all three drugs affected open field behavior, these effects were largely due to actions on locomotion. In the elevated plus maze, FG-7142 and AM251 both produced anxiogenic effects. FG-7142 and AM251 also significantly increased c-Fos activity in the amygdala and nucleus accumbens shell. In contrast, AM4113 failed to affect performance in the plus maze, and did not induce c-Fos immunoreactivity. The weak effects of AM4113 are consistent with biochemical data showing that AM4113 induces little or no intrinsic cellular activity. This research may lead to the development of novel appetite suppressants with reduced anxiogenic effects.
Introduction
Drugs that impair cannabinoid transmission are known to suppress food intake in animals and humans. CB1 inverse agonists such as SR141716 (rimonabant) and AM251 reduce food intake in a number of different animal models under conditions of food-deprivation and satiation, and after acute or chronic treatment (Arnone et al., 1997; Colombo et al., 1998; Williams and Kirkham, 1999; Shearman et al., 2003; Wiley et al., 2005; McLaughlin et al., 2003 McLaughlin et al., , 2005 Gardner and Mallet, 2006; Salamone et al., 2007a,b) . Clinical trials with CB1 inverse agonists rimonabant and taranabant have shown these drug to be effective at reducing body weight and waist circumference (Curioni and Andre, 2006; Despres et al., 2005; Pi-Sunyer et al., 2006; Van Gaal et al., 2005; Addy et al., 2008) . However, these same clinical trials also provide evidence of serious psychiatric side effects including depression and anxiety. A meta-analysis of rimonabant in obesity (RIO) studies performed by the Food and Drug Administration (FDA) showed that 26% of subjects treated with 20 mg rimonabant reported adverse psychiatric events versus 14% of those treated with placebo (US Food and Drug Administration Advisory Committee, 2007) . The significantly higher incidence of psychiatric events observed with rimonabant was a key factor in the decision of the FDA to deny approval of the drug for treatment of obesity in the United States. Clinical trials of taranabant, another CB1 inverse agonist, were similarly plagued with adverse psychiatric events. Onset of adverse psychiatric events occurred early in the clinical trials, and dropouts related to psychiatric events were frequent (Addy et al., 2008) . In the FDA's meta-analysis of clinical trials using rimonabant, the most commonly reported adverse psychiatric event was anxiety (US Food and Drug Administration Advisory Committee, 2007) . Several animal models of anxiety have been utilized in the testing of various CB1 inverse agonists. Although the outcomes from these tests are inconsistent (see Akinshola et al., 1999; Haller et al., 2002) , many of these animal studies have found CB1 inverse agonists to produce behavioral signs of anxiety (Arevalo et al., 2001; McGregor et al., 1996; Navarro et al., 1997; Rodriguez de Fonseca et al., 1996; Haller et al., 2004; Rodgers et al., 2005) .
A novel CB1 antagonist, AM4113, was shown to induce less intrinsic biological activity in comparison with CB1 inverse agonists such as AM251 and rimonabant as demonstrated by in vitro cAMP accumulation assays (Chambers et al., 2007; Sink et al., 2008a) . Like CB1 inverse agonists, AM4113 attenuated feeding and food-motivated behaviors (Sink et al., 2008a (Sink et al., ,b, 2009 ). AM4113 has also been assessed in behavioral tests of spontaneous locomotion and induction of nausea (Sink et al., 2008a; Chambers et al., 2007; Jarbe et al., 2008) . However, the effects of AM4113 on anxietyrelated behaviors have not yet been characterized. Thus, the present experiments were undertaken to evaluate the potential anxiogenic behavioral effects of AM4113 and AM251. For evaluation of anxiety-related behavioral effects, two exploration-based tests of anxiety were employed: the elevated plus maze, and the open field. Anxiety-related behavioral effects evoked by AM4113 and AM251 were compared with those produced by a well-characterized anxiogenic drug, the benzodiazepine inverse agonist, FG-7142 (Evans and Lowry, 2007) . A second goal of these studies was to compare the neural activation patterns induced by AM251 and AM4113, as measured using c-Fos expression, within anxiety-and feeding-related brain areas. c-Fos is an immediate early gene product that encodes a transcription factor involved in the coupling of extracellular signals to long-term phenotypic cellular changes by regulating the expression of later-onset gene products (Morgan and Curran, 1991; Sheng and Greenberg, 1990) . It is a powerful tool for mapping neuronal activation in part because of low basal level of expression (Hughes et al., 1992) , because c-Fos is inducible by a wide array of pharmacological treatments and external stimuli (Morgan and Curran, 1989) , and also because c-Fos is expressed in a region-and cell-specific manner that depends upon the type of stimulus (Wisden et al., 1990) . Previous studies reported that injections of 10.0 mg/kg SR141716 (rimonabant) induced c-Fos activation in several brain structures, including prefrontal cortex, nucleus accumbens shell, central amygdala, paraventricular nucleus of the hypothalamus, and central gray area (Alonso et al., 1999; Rodriguez de Fonseca et al., 1997) . Also, increased c-Fos expression within the dorsal striatum and nucleus accumbens shell, as well as paraventricular, arcuate and lateral hypothalamic nuclei, has been reported to occur after injections of AM251 (Rueda-Orozco et al., 2008; Sinnayah et al., 2008) . To date, there have been no studies of c-Fos activation using AM4113. The present work compared c-Fos activation produced by the well-characterized CB1 inverse agonist AM251 with the novel drug, AM4113, within the striatum, hypothalamus, and amygdala. These structures were examined because of their roles in food intake, locomotor activity, and anxiety, all functions that are modified by drugs that act on CB1 receptors (Sink et al., 2008a (Sink et al., ,b, 2009 McLaughlin et al., 2003 McLaughlin et al., , 2005 Chambers et al., 2007; Jarbe et al., 2008) . The anxiogenic benzodiazepine inverse agonist, FG-7142, was also included in this experiment for comparison of activation patterns within structures related to anxiety.
Based on the results of previous studies of anxiety-related behavior and c-Fos expression using CB1 inverse agonists, and in vitro evidence that AM4113 has little intrinsic activity at CB1 receptors compared to AM251 (Sink et al., 2008a; Chambers et al., 2007) , it was hypothesized that AM251 would produce some anxiety-like behavior and moderate neural activation, and that the overall patterns of behavioral and neural activation effects produced by AM4113 would be weaker than those elicited by AM251.
Experimental procedures

Animals
A total of 297 animals were used for these experiments. Adult male Sprague-Dawley rats (Harlan Sprague-Dawley, Indianapolis, IN; 300-325 g, 3-4 months age) were pair-housed in a colony maintained at 23°C, with a 12-h light/dark cycle (lights on 07:00). Food and water were available ad libitum in the home cages. Animal protocols were approved by the University of Connecticut Institutional Animal Care and Use Committee, and the studies were conducted according to NIH guidelines for animal care and use.
saline and 2% Tween-80. ± Fenfluramine was obtained from Sigma Chemical Co. (St. Louis, Mo., USA). Although the + isomer is thought to be the more active isomer, several studies have shown that the racemic mixture is active in suppressing food intake (see, for example, Francis et al., 1997; Voigt et al., 2000; Salamone et al., 2002) . Fenfluramine was dissolved in 0.3% tartaric acid. Doses and pretreatment times for AM251, AM4113, FG-7142, and fenfluramine were chosen based upon previous research demonstrating these doses to be behaviorally active in anxiety models or as food intake suppressants (AM251, AM4113, fenfluramine; Sink et al., 2008a Sink et al., ,b, 2009 McLaughlin et al., 2003; Salamone et al., 2002) , and handling conditions were based upon pilot studies. Vehicle control animals in the c-Fos study received either 0.9% saline, 0.3% tartaric acid, or 1:1:8 DMSO, Tween-80, and 0.9% saline. Data obtained under the three vehicle conditions were similar, allowing the results to be pooled for statistical purposes.
Open field
The open field apparatus consisted of a Plexiglas-covered wooden floor (115 × 115 cm) painted black with red lines spaced 23 cm apart, dividing the floor into a five-by-five grid. Walls around the perimeter measured 44 cm in height. Testing was performed in a very dimly lit room with a single red light situated at one corner of the box. The apparatus was novel to the subject at the time of testing, and each subject was tested only once. Between rats, the apparatus was wiped down with 70% isopropyl alcohol. Each rat was placed on the apparatus facing into a corner. An experimenter who was blind to the treatment condition observed the session on a video monitor located approximately 6 feet away from the box, and tallied the number of inner and outer line crossings, defined as movement of both front paws from one square to another. Outer crossings were defined as movement into one of the 16 squares adjacent to the walls, while inner crossings were defined as movement into one of the 9 central squares. Simultaneously, a video tracking system (SMART, Panlab, Barcelona, Spain) recorded the exact track and speed (cm/s) of each subject throughout the session, and discretely logged the distance (cm) and time spent in the inner region (central squares) and the outer region (the 16 squares along the perimeter of the floor). Each 10-min session was divided into two 5-min bins. All testing was conducted during the light portion of the light-dark cycle.
Elevated plus maze
The elevated plus maze was constructed of black Plexiglas based on the specifications of Pellow et al. (1985) . It consisted of a central platform measuring 15 × 15 cm, from which four arms extended outward such that the maze resembled a "plus" shape. The two opposing open arms were 45 cm long and 15 cm wide, with a 2 cm rim around the perimeter to prevent animals from falling. Perpendicular to these arms were two enclosed arms of the same dimensions with opaque walls 30 cm tall. The closed arms were fitted with removable covers. The entire maze was elevated 46 cm above a black plywood base. The apparatus was novel to the subject at the time of testing, and each subject was tested only once. Between subjects, the maze was wiped down with 70% isopropyl alcohol. (Cruz et al., 1994) . Time spent on the central square was not included in either open-arm time or closed arm time, as factor analysis has shown this measure to correlate poorly with anxiety levels (Hogg, 1996) . Number of head dips while on open arms is an ethological measure also thought to relate to anxiety level (Hogg, 1996; Wall and Messier, 2001) . A pilot study (n = 29) was conducted to determine the effect of AM251 on various ethological measures in the plus maze, including head dips, scanning, risk assessment and grooming. It was observed that head dipping was the measure most consistently identified in the plus maze, and that AM251 produced a robust reduction of head dipping (mean (± SEM), vehicle: 12.06 (±2.06), 12.0 mg/kg AM251: 6.0 (±1.29), t = 2.35, df = 27, p b 0.05); thus, head dipping (lowering the snout over the open side of the maze) was included in the full studies. The number of total arm entries was taken as a measure of locomotor activity (Cruz et al., 1994) , but total number of closed arm entries also was analyzed. All testing was conducted during the light portion of the light-dark cycle.
c-Fos immunohistochemistry and cell counting
For the c-Fos experiment, the animals were anesthetized with CO 2 and perfused with physiological saline followed by formalin ninety min after IP injection. The brains were stored in formalin and then were cryoprotected for four days before being sliced into 50-μm sections using a cryostat and stored in wells containing Dulbecco's phosphate buffered saline (Sigma Chemical Co, St. Louis). Tissue sections were later incubated in the primary antibody, anti-c-Fos (1:5000, Calbiochem, Germany), at 4°C for 48 h. Subsequently, the sections were incubated in the secondary antibody, anti-rabbit horseradish peroxidase conjugate, Envision Plus (DAKO, Denmark) for 1.5 h. The visualization of c-Fos protein expression was completed using the chromagen diaminobenzidine (DAB). The sections were then mounted onto glass microscope slides and cover-slipped. Tissue from the different treatment groups was processed together in batches in order to control for variability in the immunohistochemical reaction.
Cover-slipped slides were examined microscopically under 10× magnification to determine and digitally capture marked cells in the regions of interest. Only brain sections having uniform background staining and without extensive damage were included in the statistical analysis. Regions of interest (dorsal striatum; anterior, middle, and posterior hypothalamus, nucleus accumbens core and shell, basolateral amygdala, medial amygdala, and central amygdala) were determined by comparing tissue with adjacent Nissl sections or corresponding sections in a stereotaxic atlas (Paxinos and Watson, 1998) . Because of the irregular nature of the c-Fos staining patterns observed in hypothalamic sections chosen for analysis, and because neural activation patterns did not adhere to traditional nuclear boundaries, data from multiple nuclei (paraventricular, dorsal hypothalamus, ventromedial hypothalamus) were pooled into a single measure of hypothalamic c-Fos expression. These regions were digitally imaged using SPOT software and then montaged with GNU Image Manipulation Program (GIMP). Cells were counted using three sections per region for each animal using ImageJ (a National Institute of Health (NIH) sponsored imaging program) by an observer blind to the treatment condition. The average value for the three sections (expressed as counts/mm 2 ) was used for statistical analysis. Reliability of the counting method was checked by re-counting a sample of eight c-Fos immunostained sections, including at least one from each treatment group and from each different region under study. The Pearson product-moment correlation between these two sets of counts was r = 0.972 (p b 0.05). The serotonergic appetite suppressant fenfluramine was used as a positive control for the staining methods.
Experiments 1-3: open field
For the open field experiments (1-3), rats were handled for five min five days per week for one month prior to testing. For each of the four days prior to the test day, each rat received a habituation injection of 0.3 mL isotonic saline i.p. On the day of testing, animals were administered their assigned treatments and then transported to the experiment room for habituation thirty min prior to testing. Within each individual experiment, rats were randomly assigned to one of the following treatment conditions:
FG-7142
Vehicle (n = 11), 10.0 (n = 11) or 20.0 (n = 11) mg/kg Experiment 2: AM251 Vehicle (n = 12), 2.0 (n = 12), 4.0 (n = 11), or 8.0 (n = 12) mg/kg Experiment 3: AM4113 Vehicle (n = 12), 3.0 (n = 7), 6.0 (n = 8), or 12.0 (n = 7) mg/kg
Experiments 4-6: elevated plus maze
Unlike the open field experimental procedures, rats in elevated plus maze experiments (4-6) were not handled (except briefly during tailmarking) or habituated to injections prior to testing. On the day of testing, animals were transported to the experiment room as a group between one and two hours prior to test and were also injected in this room. Within each individual experiment, subjects were randomly assigned to one of the following treatment conditions:
Experiment 4 In order to minimize the possible effects of receiving a novel potentially stressful injection, rats were handled for seven days prior to treatment and received i.p. injections of 0.3 mL isotonic saline for four days prior to treatment. Animals were then randomly assigned to receive vehicle (n = 4), 8.0 mg/kg AM251 (n = 5), 12.0 mg/kg AM4113 (n = 4), 20.0 mg/kg FG-7142 (n = 4), or 6.0 mg/kg fenfluramine (n = 4). Ninety min after drug injection the animals were anesthetized and perfused. The brains were extracted and processed using immunocytochemical methods for detection of c-Fos protein as described above. Labeled cells in regions of interest (central, medial, and basolateral amygdala, hypothalamus, nucleus accumbens shell and core, and dorsal striatum) were counted and analyzed using ImageJ software as described above.
Data analysis
For each drug treatment, two measures of anxiety were calculated and analyzed from the open field data: the percentage of total time spent within the inner portion of the field and the ratio of distance traveled within the inner area divided by total distance traveled (i.e., the inner distance ratio). The total distance traveled was also separately analyzed. To determine if locomotor activity contributed to drug effects in the open field, analysis of covariance also was performed, using total distance traveled as the covariate. For elevated plus maze experiments, data were analyzed using one-way ANOVA. If the overall ANOVA term was significant, nonorthogonal planned comparisons using the overall error term were used to compare each treatment with the vehicle control. The alpha level for each comparison was kept at 0.05 because the number of comparisons was restricted to the number of treatments minus one (Keppel, 1982) . If the overall ANOVA for a given dependent variable was not significant, linear regression with dose as the x-axis variable was also calculated. Effect size calculations (R 2 values; Keppel, 1991) were performed to assess the magnitude of the treatment effect (i.e., the size of the treatment effect sum of squares expressed as the proportion of total sum of squares, which is a marker of the total variance accounted for by treatment variance; for example R 2 =0.3 reflects 30% of the variance explained) across experiments and measures. Effect size analyses provide a marker of the magnitude of the treatment effect that is independent of the sample size. For the cFos experiment, the average counts in each brain region under a given treatment condition were log transformed to reduce variability, and then analyzed with one-way ANOVA. Each treatment condition was then compared with vehicle in separate planned comparisons.
Results
Experiments 1-3: open field
For each experiment, the primary anxiety-related measure used was the ratio of time spent in the inner and outer areas of the field. In addition, total distance traveled within the open field was used as a marker of locomotor activity. Table 1 Tukey post-hoc comparisons of percent time in the inner portion showed a significant decrease between vehicle and 6.0 mg/kg AM4113 (p b 0.01), but also a significant increase between 6.0 mg/kg and 12.0 mg/kg groups (p b 0.01). Tukey tests for total distance showed significant decreases for 3.0 mg/kg (p b 0.01) and 6.0 mg/kg (p b 0.01) doses compared to vehicle, but locomotor activity at both of these doses was also significantly lower than at 12.0 mg/kg (3.0 vs. 12.0 mg/kg: p b 0.01; 6.0 vs. 12.0 mg/kg: p b 0.05). In order to determine the contribution of overall locomotor activity to the anxiety-related measures, analysis of covariance was performed, using the total distance traveled measure as the covariate. These analyses showed that, when the total distance traveled was accounted for (i.e., used as the covariate), there were no significant drug treatment effects on percent time in the inner area 29 contrast each drug with vehicle. FG-7142 significantly increased c-Fos expression in all three amygdala regions and nucleus accumbens shell. AM251 increased c-Fos expression in central amygdala, dorsal striatum, and nucleus accumbens shell. AM4113 produced no significant effects in any region. Fenfluramine, which was used as a positive control, produced significant increases over vehicle for all regions studied except the basolateral amygdala.
Experiments 4-6: elevated plus maze
Experiment 7: c-Fos expression
Discussion
The purpose of these experiments was to compare the anxiogenic potential of AM4113 and AM251 with a wellcharacterized anxiogenic substance, the benzodiazepine inverse agonist FG-7142 (Evans and Lowry, 2007; Meng and Drugan, 1993; Cole et al., 1995) . In addition, neural activation patterns induced by these drugs, as measured by c-Fos immunoreactivity in amygdala, hypothalamus, and striatal areas, also were analyzed. Anxiogenic potential was assessed by testing the effects of FG-7142, AM251 and AM4113 in two rodent tests of anxiety: the elevated plus maze and the open field. These two procedures are referred to as spontaneous approach-avoidance tasks because they capitalize on psychological conflict between the fear of novel, open spaces, and the drive to explore (Wall and Messier, 2001) . Rodents spending less time exploring open areas away from walls or enclosures are generally considered to be exhibiting higher levels of anxiety (Cruz et al., 1994; Wall and Messier, 2001; Prut and Belzung, 2003) . Nevertheless, the interpretation of activity-based measures in rodent anxiety models also is complicated by the fact that drugs may decrease locomotor activity because of an increased level of anxiety-provoked freezing, which is an ethological defensive reaction to threatening situations in rodents (Pellow et al., 1985; Rodgers, 1997; Blanchard et al., 1986) , or because of motor suppressant effects. In the present studies, despite the fact that all three drugs had some effects on anxietyrelated measures in the open field, they also suppressed the total distance traveled. For this reason, the open field tests also were analyzed by analysis of covariance using total distance traveled as the covariate. With this analysis, there were no significant drug treatment effects. This pattern of results suggests that the drug effects on anxiety-related measures in the open field were largely due to drug-induced suppression of locomotion, as measured by total distance traveled. Thus, it is difficult to interpret the results from the open field test in terms of their potential relevance for anxiety.
In contrast, the elevated plus maze yielded a clear pattern of results. FG-7142, a benzodiazepine inverse agonist with previously demonstrated anxiogenic properties (Evans and Lowry, 2007; Meng and Drugan, 1993; Cole et al., 1995) , produced robust anxiety-related behavior in the elevated plus maze. In this task, all three anxiety-related measures (percentage of open entries, percentage of open time, and head dips) were significantly reduced in rats treated with either dose of FG-7142. FG-7142 did not affect either closed arm entries or total arm entries in the elevated plus maze, which are measures that are thought to be related to overall locomotor activity in that task. The cannabinoid antagonist/inverse agonist AM251 also induced anxiety-related behavior in the elevated plus maze. In that task, AM251 induced anxiogenic effects on some of the anxiety-related measures, including percent of time in open arms and the number of head dips. Also, both the number of closed arm entries and the total number of arm entries were unaffected, indicating a lack of effect by AM251 on locomotor activity in the elevated plus maze. These results are consistent with previous studies of CB1 inverse agonists (Arevalo et al., 2001; McGregor et al., 1996; Navarro et al., 1997; Rodriguez de Fonseca et al., 1996) , including studies with AM251 in mice (Haller et al., 2004; Rodgers et al., 2005) . Although the CB1 inverse agonist AM251 induced anxiogenic effects in the plus maze, the CB1 neutral antagonist AM4113 produced no significant effects on any measure in the elevated plus maze.
In the present studies, observers noted that both AM4113 and AM251 also produced effects on scratching and grooming. In the open field experiments, not a single rat treated with vehicle or FG-7142 was marked as exhibiting excessive scratching or grooming behavior. In rats treated with AM251, 3 out of 12 rats administered 2.0 mg/kg were designated as exhibiting excessive scratching and grooming, 2 out of 8 rats that received 4.0 mg/kg, and 2 out of 12 animals in the 8.0 mg/kg dose group were denoted as such. In animals treated with AM4113, 1 of 7 animals given 3.0 mg/kg, 2 of 8 animals given 6.0 mg/kg, and 4 out of 7 animals that received 12.0 mg/kg were marked as displaying excessive scratching or grooming. These observations raise the issue of whether high levels of scratching and grooming might have displaced normal exploratory behavior, rendering activitybased anxiety measures less appropriate for detecting anxiogenic effects of AM4113 and AM251. Previous studies have found excessive scratching and grooming levels to be induced by both AM4113 (Hodge et al., 2008; Jarbe et al., 2002 Jarbe et al., , 2006 Jarbe et al., , 2008 , and AM251 Jarbe et al., 2002; Rubino et al., 2000; Vickers et al., 2003; Tallett et al., 2007a,b) , and it has been suggested that these behaviors are disruptive enough to produce response competition (Tallett et al., 2007a,b) . It is possible that excessive scratching or grooming could present themselves as side effects in some humans administered CB1 inverse agonists or antagonists. Furthermore, it should be mentioned that results from both elevated plus maze and open field studies must be interpreted with caution because the drug treatments also can induce changes in locomotor activity. It has been demonstrated that drugs that do not cause anxiety but specifically affect locomotor activity may produce outcomes in these models that appear anxiolytic or anxiogenic (Dawson et al., 1995) . Both of the CB1 drugs tested in this study (AM251 and AM4113) decreased locomotor activity in the open field, and also were shown to suppress locomotion in small stabilimeter chambers (McLaughlin et al., 2003; Sink et al., 2008a) . Nevertheless, neither AM251 nor AM4113 affected closed or total arm entries in the elevated plus maze, which also can be used as measures of locomotion. FG-7142 produced strong expression of c-Fos immunoreactivity in central, basolateral, and medial regions of the amygdala, and nucleus accumbens shell. The densest counts were observed in the amygdaloid areas. This is consistent with previous studies reporting that FG-7142 significantly increased c-Fos expression in the amygdala (Salchner et al., 2006; Singewald et al., 2003) . Although one must be cautious in evaluating the behavioral significance of drug-induced changes in c-Fos expression, it is worth stating that central, basolateral, and medial amygdaloid nuclei are known to mediate behaviors associated with anxiety and fear, and are activated following anxiogenic and fear-provoking stimuli (Hinks et al., 1996; Campeau et al., 1997; Duncan et al., 1996) . The fact that FG-7142 increased c-Fos expression in the nucleus accumbens shell is consistent with previous data showing that this drug also increased extracellular DA in nucleus accumbens (McCullough and Salamone, 1992) , and further emphasizes that this forebrain structure is responsive to aversive stimuli as well as appetitive ones (Salamone et al., 2007b) . Fenfluramine was used as a positive control for the c-Fos study, and consistent with previous experiments this drug produced universally robust expression in every region under investigation except the basolateral amygdala, with the densest counts being within striatal structures (Rowland et al., 2000; Torres and Rivier, 1994; Gardier et al., 2000; Cook and Wirtshafter, 1998) . AM251 increased c-Fos immunoreactivity relative to the vehicle condition in the central amygdala, dorsal striatum, and nucleus accumbens shell region. This pattern of c-Fos immunoreactivity was similar to that observed previously using a different CB1 inverse agonist, SR141716 (Alonso et al., 1999; Rodriguez de Fonseca et al., 1997) . These observations are consistent with previous reports that CB1 receptor tone is generated within the amygdala in response to stressful or anxietyinducing stimuli (Kathuria et al., 2003) , and that elevated anandamide levels in mouse amygdala were observed following exposure to a tone that was paired with footshock (Marsicano et al., 2002) . By contrast, in those rats treated with the CB1 antagonist AM4113, there were no significant effects on c-Fos positive cell counts. Thus, the results of the elevated plus maze and the c-Fos activation studies indicated that AM4113 was weaker than AM251, even though both drugs were given in doses that produced comparable effects on food intake. These results are consistent with studies showing that AM4113 had little effect in tests of intrinsic activity at CB1 receptors in vitro (Sink et al., 2008a; Chambers et al., 2007) , while AM251 was capable of producing the more substantial signal transduction effects that are characteristic of inverse agonism (McLaughlin et al., 2006; Sink et al., 2008a) .
To summarize, the anxiogenic reference compound FG-7142 produced behavioral signs of anxiety in the elevated plus maze, as expected. The CB1 inverse agonist AM251 induced anxiogenic effects on some anxiety-related measures in the plus maze. AM251 also increased neural activation (as measured by c-Fos expression) within structures associated with anxiety or aversive conditions. In line with our hypothesis that the CB1 antagonist would produce a weaker profile of anxiety-like behaviors than the inverse agonist, AM4113 produced no significant effect in the elevated plus maze, and no significant induction of c-Fos activity. Taken together, these results may indicate that a drug such as AM4113 could have a lower clinical potential for inducing anxiety. Considering that both CB1 antagonists and CB1 inverse agonists suppress food intake (for review see Salamone et al., 2007a) , these results suggest that CB1 antagonists may produce a more favorable clinical psychiatric profile (see Le Foll et al., 2009 ) with fewer anxietyrelated side effects, relative to drugs that have stronger CB1 inverse agonist activity.
Role of the funding source
The funding source for this research was the NIH (NIDA). NIDA funds were used to support the chemical synthesis of AM251 and AM4113, and also were used to support the animal research.
service and there are no personal financial holdings that could be perceived as constituting a potential conflict of interest.
